Introduction: Percutaneous renal biopsy (PRB) of native kidneys is an important tool for diagnosis and management of renal disease. In this study, we analyzed the success, safety, and risk complications of PRB in our center. Methods: A retrospective review of ultrasound-guided PRB done at our institution from January 1998 to December 2017 was performed. Clinical and laboratory data were collected for 661 PRBs. Statistical analysis was performed using the Mann-Whitney U test for continuous variable and chi-square test for categorical variables. Multivariate analysis using logistic regression was performed to assess factors associated with increased risk of complications after PRB. Results: The median age was 56 (42-68) years old, the majority were male (64%) and white (82%). Ten glomeruli were present in 63.5% of PRBs. Overall, the rate of complications was 16.6%, where 15.1% of them were minor complications and 1.5% were major complications. Perinephritic hematoma accounted for the minor complication that occurred most frequently, whereas the need of a blood transfusion was the prevalent for major complications. By multivariate analysis, increased activated partial thromboplastin time (aPTT; OR 1.11, 95% CI 1.035-1.180) and prebiopsy lower hemoglobin (Hgb; OR 1.61, 95% CI 1.086-2.304) were identified as independent risk factors for major complications. In addition, older patients (OR 1.057, 95% CI 1.001-1.117) were identified as an independent risk factor for blood transfusion requirement. Conclusion: The current risk of complications after native PRB is low. Major complications are most common in case of increased aPTT and decreased Hgb baseline level.
Introduction
Renal biopsy is a procedure that allows the diagnosis and prognosis of various diseases affecting native and transplanted kidneys. Iversen and Brun [1] were the first to perform native kidney biopsy in 1951, and the first published report regarding the use of kidney biopsy in the diagnosis of medical kidney disease was also in the 1950s [2] . Since its introduction, advancements have been made in biopsy technique leading to improve renal diagnosis while minimizing its complications [3] .
The percutaneous renal biopsy (PRB) is the current standard of care, and the use of ultrasound-guided PRBs has allowed a decrease in the complications incidence [4] . PRBs are performed either by a nephrologist or a radiologist. PRBs are commonly performed under local anaesthesia with disposable, automatic, spring-loaded devices using 14-, 16-, or 18-gauge needles (outer diameter of 2.11, 1.65, and 1.27 mm, respectively). Some studies have shown that automated needles provide superior yield (more glomeruli) [5] and a decrease in major complication rates [6] when compared to hand-driven (Trucut) systems. PRBs are considered satisfactory for diagnosis if they contain at least 8 glomeruli [7] .
In certain renal diseases, with similar clinical expression, such as IgA nephropathy and vasculitis, performing this procedure will properly classify the disease and subsequently treatment. In addition, it will help to predict the renal progression and response to treatment in each patient. Important to note that there are certain pathological entities such as lupus nephropathy, which treatment depends on renal histological classification [8] .
Complications of renal biopsies have clearly decreased after the introduction of guided ultrasound PRB [4] . The severity of complications is categorized into major (need for an intervention such as blood transfusion or an invasive radiologic or surgical procedure, severe hypotension, acute renal obstruction, renal failure, septicemia, or death) and minor complications (severe flank pain, gross hematuria, and/or perinephric hematoma spontaneously resolving) [9] . European and American series have described minor complications in 10-20% and major complications in 1.2-6.6% of PRB patients [8] . In concordance with this, a Spanish study performed by Pendon-Ruiz de Mier et al. [10] described minor complications in 19.1% and major complications in 3.7%. Complications, specifically minor or major bleeding, have been associated with coagulation alterations, previous use of antiplatelet drugs, and a decrease in renal size [11] [12] [13] .
In this study, we propose to evaluate the incidence of clinical complications after ultrasound-guided PRB performed by radiologist in our center. We also plan to study the risk factors for minor and major complications after PRB. This approach is aimed to detect patients at risk for minor and major complications before PRB procedure.
Material and Methods
A retrospective study of PRB in adult patients was conducted. The procedures were performed from January 1998 to December 2017, on native kidneys at the Radiology department of Hospital del Mar (Barcelona). In that period, all of the native kidney biopsies in our center were performed by radiologists. To avoid inclusion bias, all consecutive and/or eligible patients in the specified period were included in the study. PRB guided by ultrasound was performed with automatic needles, of which the 16-gauge (G) was the most commonly used. Usually, 2 or 3 passes were carried out in the lower left renal pole and with the patient in prone position. The study followed the ethical standards of the Institutional Committee on human experimentation and with the Helsinki Declaration of 1975, as revised in 2000 (CEIC 2018/7842/I). Informed consent for renal biopsy was signed for each patient. Consent for this retrospective study was not needed.
Information collected at the time of PRB including: the date of the biopsy, age, gender, ethnic group, cause for renal biopsy, hypertension, diabetes mellitus, systolic and diastolic blood pressures (BPs), prothrombin time, activated partial thromboplastin time (aPTT), prebiopsy creatinine, prebiopsy hemoglobin (Hgb), platelet count, and antiplatelet drugs. It is worth of mention that prebiopsy desmopressin was not used.
PRB was performed after local anaesthesia in the lower pole in the left kidney. Following the procedure, patients laid in bed on their back for 4-6 h and then remained in the bed for 23-24 h on observation. Patients were monitored, and the following variables were studied: type of needle, needle passes, number of glomeruli, post biopsy Hgb, post biopsy creatinine, pain in the area of the puncture, minor complication, and major complication.
The inclusion criteria were the accomplishment of PRB and the presence of blood test before and after kidney biopsy. Exclusion criteria were defined as patients younger than 18 years old, renal biopsies performed by nephrologists, and the absence of analytical control pre or post renal biopsy.
The main variable of our study was the presence of post renal biopsy complication. The severity of PRB complications was categorized as minor, those resulting in decrease of Hgb ≥1 g/dL, hematoma, hematuria, or both, without the need for any type of intervention, or major, those resulting in an active bleeding and hematoma requiring blood transfusion, arteriovenous fistula, requiring surgery, nephrectomy, arteriography, embolization, or death.
Statistical analysis: We calculated that a random sample of 661 individuals will be enough to estimate, with a confidence of 95% and an accuracy of ±3 percentage units, with a percentage of approximately 19%. Variables distribution was analyzed by the Kolmogorov-Smirnov test. Qualitative variables that followed a normal distribution were expressed by mean and SD. Nonparametric variables were expressed by median and interquartile range . Qualitative variables were expressed as a percentage. For comparison of 2 means, t Student or Mann-Whitney U test was used according to the distribution of the variables. To study the relationship between 2 qualitative variables, the chi-square test was used. A one-way ANOVA test was used for multiple comparisons. Finally, multivariate binary logistic regression models were performed to assess factors associated with an increased risk of major complications or blood transfusion needed after renal biopsy. Variables with p value < 0.05 were retained in the final model and reported as OR with 95% CIs. A p value of < 0.05 was considered significant.
Results

Demographic, Clinical, and Laboratory Characteristics
PRB of native kidneys was performed in 661 adult patients with the use of real-time ultrasound in the radiology unit. The median age of the patients was 56 (42-68) years old, and the majority of them were male (64%) and white (82%; Table 1 ). Sixty-four percent of the patients had previous history of hypertension and 21% had previous history of diabetes. The median BP at the time of biopsy was 133/77 mm Hg (120-147/69-87 mm Hg), 31% of patients had a systolic BP > 140 and > 170 mm Hg in > 4.7% of the cases. The median creatinine 
Adequacy and Indications for Kidney Biopsy
Ninety-nine percent of the biopsies had glomeruli, 5 glomeruli were present in 85.6, and 10 glomeruli in 63.5% of biopsies. The number of glomeruli per biopsy was 13 (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . Sixtytwo percent of PRB were performed with a 16-gauge needle. The indications for PRB were nephrotic-range proteinuria in 27% of patients, chronic kidney disease with hematuria and/ or proteinuria in 23%, non-nephrotic range proteinuria and/or hematuria 24%, acute renal failure in 17%, nephritic syndrome 6%, and isolated hematuria 3%.
Biopsy Complications
Complications following PRB were observed in 110 biopsies (16.6%; Table 2 ). From those, 100 (15.1%) were minor complications and 10 (1.5%) were major complications. The most frequent minor complications were perinephric or small hematoma (5.4%), followed by a drop in Hgb level of > 1 g/dL (5.1%). Major complications are depicted in Table 2 . Blood transfusion was needed in a total of 8 PRBs. Patients with major complications had a larger aPTT (41.3 ± 22.2 s, p < 0.001), as well as a low level of Hgb in the moment of the biopsy (9.8 ± 1.5 g/dL, p = 0.007; Fig. 1 ), and lowest Hgb after the PRB (8.6 ± 1.4 g/ dL, p < 0.001; Table 3 ). In addition, the indication of the PRB, specifically nephrotic-range proteinuria (29%, p = 0.026), was associated with minor complications as compared with patients without them. As expected, the patients with major and minor complications stayed more days at hospital as compared to the PRB patients without complications (p = 0.006). We were also able to identify that from all the patients who underwent PRB, 19 of them presented pain in the biopsy area. From those, 15 of them presented complications BP, blood pressure; SCr, serum creatinine; PT, prothrombin time, aPTT, activated partial thromboplastin time; Pre-Hgb, pre-biopsy hemoglobin; Post-Hgb, post-biopsy hemoglobin. (p < 0.001), compared to the ones without complications. No deaths or nephrectomies were observed after PRB. No differences were found regarding platelet count and history of antiplatelet therapy (data not shown). No differences were found regarding the biopsy time period, first period from 1998 to 2007 years and second period from 2008 to 2017 (data not shown).
Multivariate analyses were performed to assess factors associated with an increased risk of major complications and the need of blood transfusion after renal biopsy. As shown in Table 4 , an increased aPTT (p = 0.003, 95% CI 1.035-1.180) and a lower Hgb at the moment of PRB (p = 0.017; 95% CI 1.086-2.304), mainly pre-biopsy Hgb < 10 g/dL (p = 0.018; 95% CI 01.356-27.725), were identified as risk factors for major complications after PRB. Thus, patients with increased aPTT were 1 time and patients with pre-biopsy Hgb < 10 g/dL were 6.13 times more likely to have a major complication. In addition, older patients were one time more likely to need a blood transfusion after PRB (p = 0.046, 95% CI 1.001-1.117). 
Discussion
In this study, we reinforced the knowledge that PRB is a safe and successful procedure that allows us to establish the proper diagnosis and subsequently treatment in patients with kidney disease. In our hands, complications occurred in 16.6% of cases and major complications only in 1.5% of patients. Interestingly, we did not observe any nephrectomy or death after PRBs performed in these almost 20 years, at our center. Patients are increasingly demanding information about invasive procedures and the risks associated with them. Renal biopsies are performed more safely, compared to the past, the use of ultrasound guidance as well as smaller needles ensures fewer complications and more safety in clinical practice [14] . Currently, alternatives to an invasive procedure have been explored, but PRB ultrasound guided remains the golden standard approach [15] . In some cases, when PRB is contraindicated for high bleeding risk or one-kidney patient, transjugular renal biopsy can be performed [16] . To our knowledge, this is the first report that demonstrated that pre-biopsy Hgb level is associated with major complications and bleeding after renal biopsy; however, the mechanisms of this relation are unknown interestingly in other diseases such as acute myocardial infarction and atrial fibrillation [17, 18] .
A recent study by Esposito et al. [19] observed major complications in 1.2% of patients and minor complications in 17.3% after PRB ultrasound guided was performed by interventional nephrologists in a middle size hospital. Furthermore, Pendón-Ruiz de Mier et al. [10] reported minor complications in 19.1% and major complications in 3.7%. In concordance with this study, we reported minor complications in 100 patients (15.1%) and major complications in 10 patients (1.5%) after PRBs performed by a radiologist. Our complication's rate is similar with other studies that showed 10-20% of minor complications and 2-8% of major complications [20, 21] . As expected, the majority of complications in our study were minor and mainly related to the presence of perinephric hematomas (36% of all minor complications), followed by a decrease in Hgb (34%, without clinical repercussion) and gross hematuria (17%). Its resolution did not require any intervention or blood transfusion. As previously reported, the minor complications were also associated with a slight decrease in Hgb without clinical significance [14, 22] . Of mention that in our institution ultrasound was only performed when complications are suspected, thus the incidence of perirenal hematomas post-PRB might be underestimated.
The weakness of PRBs is the major complication that should be avoided for patient safety. Fortunately, this type of complication was only observed in 1.5% of our PRB patients. These results are consistent with previous studies from Feldmann et al. [23] that reported major complications occurred in 2.4% of the patients, and none of them needed surgical intervention or resulted in death. In other studies, the majority of patients who presented major complications required blood transfusion (from 4 to 8% of all major complications) [7, 24] , whereas only a small minority needed arteriography or embolization for stopping active bleeding [10, 14] . In our study, death was not observed in any of the PRBs patients. Interestingly, the mortality rate has been estimated at 1/1,000 [25] .
In a cohort study by Manno et al. [12] , female gender, older patients, as well as a larger value of aPTT were identified as risk factors for bleeding complications after PRBs. In concordance, Korbet et al. [14] also found female gender as a risk factor for complications after PRBs [26] . The increased risk of female gender was ascribed to their different body composition as compared to men, that is, the greater percentage of fat mass in women might increase the hematoma expansion in the perirenal fatty tissue [12] . A study from Lees et al. [27] also demonstrated that old age was associated with a higher risk of major bleeding complications. Kohli et al. [28] suggested that the increased risk for complications after PRB in older people may be related to the increased arterial stiffness. In agreement with these findings, we were also able to determine that old age increases the blood transfusion requirement after PRBs. We also found that increased aPTT is a risk factor for major complications after PRBs. Furthermore, Hgb lower than 10 g/dL was identified as a risk factor for major complication after native renal biopsy. These results demonstrated that patients with increased aPTT and decreased Hgb are at risk for major complication after PRB. In those patients, another strategy such as transjugular renal biopsy should be at least considered [16] . Another study identified serum creatinine, bleeding diatheses, amyloidosis, and hypertension as risk factors for complications after PRBs [29] . Whittier et al. [26] were able to identify increased baseline creatinine as a risk factor for bleeding complications (5.9 times). Shidham et al. [30] demonstrated that a higher systolic BP (> 160 mm Hg) was significantly associated with bleeding complications (10.7%), as compared to the patients with systolic BP < 160 mm Hg (5.3%).
PRBs have been performed according to different indications for the diagnosis and management of kidney disease. PRBs allow the nephrologists to indicate the correct treatment for delaying kidney disease progression. In our study, nephrotic-range proteinuria was associated with increased risk for minor complication after PRBs; however, in a previous reported study with the Norwegian Kidney Biopsy Registry data, the association between the indication for renal biopsy and developing complications was not observed [31] .
The main limitation of our study was the lack of information regarding some parameters such as body weight or BP after PRBs. This limitation may be ascribed to the long timeline of our study and the different registration system; the clinical history was not computerized in our center until 2009; therefore, the records for the early dates of the study were mainly recorded by hand writing and subsequently difficult to track down.
Conclusions
In conclusion, the risk of major bleeding following ultrasound-guided native PRBs performed by radiologist is low. Major complications are more common in patients with increased aPTT and lower Hgb level prior PRB. Our data support that PRBs is a safe procedure, but patient should be cautiously evaluated in order to decrease the risk/benefit equation in the context of PRB.
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